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Abstract 
The aim of this research is to investigate the effects of problem solving strategies instruction on the students' physics problem 
solving performance and strategy use. In this research, semi-experimental research design with a pretest-posttest control group
was used. The data of this research were collected by a “Written Physics Examination” and the use of “Physics Problem Solving 
Strategies Scale”. At the end of the research, it was determined that the problem solving strategies instruction had positive effects 
on the physics problem solving performance and strategy use, and suggestions related to the results were put forward.
Keywords: Problem solving strategies; performance; strategy usage; physics education . 
1. Introduction 
Problem solving, according to Altun (2001), is to know what to do when you don’t know what to do. Defined as 
a process, problem solving (Toluk & Olkun, 2002) is a cognitive process that requires the memory to select the 
appropriate activities, employ them, and work systematically. This process means doing research by controlled 
activities in order to reach the target. In this sense, because problem solving is quite a complicated process, experts 
suggest dividing the process into a number of stages. As a staged process, problem solving was brought up by 
George Polya for the first time in his book “How to Solve It” published in 1945 (Beichner, 2002). This four staged 
process that was widely accepted in problem solving and developed by the famous mathematician Polya is the first 
and most popular model which defines problem solving process as a staged process (Johnson, 1994). The staged 
model consists of simplified lists of stages or the steps used in problem solving. The fundamental problem solving 
process is a linear and hierarchic process. Each stage is the sign of the next stage and the result of the previous stage 
(Johnson, 1994). These four stages are: 1. Understanding the problem, 2. Planning, 3. Application of the plan,         
4. Looking back (cited from Polya by Pressley & McCormick, 1995). Each of the stages is considered as separate 
skills and each stage has its own sub-skills. These skills can be seen as the analytical parts of problem solving 
process which requires defining the problem, examining the problem, revising and employing it. The sub-skills are 
expressed as problem solving strategies in the related field (Selçuk et al., 2007).  
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The research related to problem solving in physics are focused in two main titles. The first of which is research 
regarding the comparison of problem solving behaviour differences among expert and novice problem solvers (i.e., 
Dhillon, 1998). The results of the research show that experts have a tendency of firstly analyzing the problem 
qualitatively by depending on the fundamental physics concepts before passing on to solve the problems by means 
of mathematical equations. Whereas, novices mostly start to solve the problem by means of mathematical equations, 
substitute the given variables, and then investigate the other equations where they can substitute the other 
quantitative variables. And the second of which is directed towards teaching problem solving strategies in order to 
make the novices become expert problem solvers (i.e., Mestre et al., 1993). Unfortunately, this subject was 
neglected in Turkey. In the search of the related literature, when the research done in our country was studied, it was 
seen that there were only a few pieces of research that examined the use and determination of problem solving 
strategies in physics or science (i.e., Selçuk et al., 2007). There was only one research on the instruction of problem 
solving strategies (Gök, 2006). As a result, it is believed that this research is important because it emphasizes the 
benefits of the instruction of problem solving strategies and will be beneficial in the literature of physics. The 
purpose of the study is to determine whether the problem solving strategies taught can be applied to problem solving 
in the physics program and whether students employ these strategies in the problem solving process. Answers to the 
following questions were sought: 1. Is there a significant difference in the performances of students who were taught 
problem solving strategies and those who were not? 2. Is there a significant difference in the number of problem 
solving strategies used by students who were taught the strategies and those who were not? 
2. Method 
2.1. Subjects 
Seventy-seven second year mathematics education specialist undergraduate students from Buca Faculty of 
Education, Primary School Education Department took part in the research. These seventy-seven students formed 
two classes (2A and 2B) one of which was randomly chosen to be the strategy group, the other forming the control 
group. The results of students who took extended periods of absence throughout the study were not taken into 
consideration. For this reason, slight changes in the number of participants can be seen in the results of the study.  
2.2. Research Model 
Research was conducted on a strategy group and control group both of which were chosen without bias and both 
of which featured similar characteristics. In the strategy group, the traditional teaching program was combined with 
strategy teaching whereas in the control group, only traditional teaching was applied. The independent variable in 
the research was the teaching of problem solving strategies. The dependent variable was the performance of students 
during physics problem solving and the use of strategies. 
2.2.1. Means of Data Collection 
2.2.1.1. Written Physics Examination (WPE) 
In this research, the WPE was prepared to determine the students’ ability in problem solving. The WPE was 
conducted in the beginning and end of the study as the first and last exam in both groups. The WPE was prepared in 
accordance with the General Physics I curriculum (vectors, one and two dimensional movement, Newton’s laws, 
circular movement, other applications of Newton’s laws and work and kinetic energy). The problems were prepared 
in accordance with the suggestions of two professors from the Physics Education Program. 
2.2.1.2. Physics Problem Solving Rubric (PPSR) 
The PPSR was developed by the researcher to evaluate the problem solving performance of the students by 
means of the student’s solutions to the WPE. PPSR was prepared as an analytical measurement scale which grades 
sub skills. The PPSR has four dimensions (understanding the problem, analysis, method employed to solve the 
problem and application) and each dimension has its own sub dimensions (0: no answer, 1: wrong, 2: partially true 
and 3: complete and true). The maximum score is 12 and the minimum is 0 according to the PPSR. As a result, the 
maximum score each student can get from WPE consisting of six problems is 72 (6x12) and the minimum score is 
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zero. To calculate evaluation reliability co efficiency, seventy-four WPE papers were entered into the system twice 
with a one month interval in between. The Pearson Correlation Coefficient between the scores which indicates the 
consistency was r= 0.91. 
2.2.1.3. Physics Problem Solving Strategies Scale (PPSSS) 
This scale was used to determine problem solving strategies that students employ while they are solving physics 
problems. PPSSS contains fifty-one items with five Likert options “always”, “often”, “sometimes”, “rarely” and 
“never”. The PPSSS items were scored 5, 4, 3, 2, 1 respectively. Upon the validity and reliability analysis of the 
scale the Cronbach Alpha Reliability Coefficient was found to be Į: 0.94. The maximum score was 255 and the 
minimum is 51.  
2.3. Experimental Process 
The experimental process took place in the fall term for both the strategy and control groups on scheduled days 
and times (twice a week and for the whole lesson hour) allocated for General Physics I. Before the experimental 
process, in the first week of the research, preliminary results were collected (by means of the WPE and PPSR), in 
the second week, training in problem solving strategies took place in the strategy group. In the last week of the 
research the closing results were collected. During the research, structured problems were used. In both the strategy 
and control groups, the teaching objectives were covered simultaneously. In the organization of the problem solving 
strategies in the research, an approach was used which is frequently used in strategy teaching and of which one of its 
fundamental parts is the ability to become a professional problem solver. The researcher profited from previous 
research (i.e., ÇalÕúkan et al., 2006) in the field and its findings of strategies used by successful amateur problem 
solvers and those trained in physics problem solving. In the research, a slightly altered version of the Minnesota 
Problem Solving Strategy that was developed by Heller, Keith and Anderson (1992) and a “self evaluation” general 
strategy, an important metacognitive strategy, were used. The acronym for the physics problem solving strategies 
taught in the research is as follows: U: understanding the problem, A: analysis of the problem, P: planning, A: 
application of the plan, C: controlling and SE: self-evaluation (UAPAC+SE).  
2.4. Data Analysis Techniques 
The analysis of the data was done on the SPSS 13.0 program using mean (M), standard deviation (SD), t-test and 
correlation analysis. 
3. Findings 
3.1. In order to observe the effects of strategy teaching on students’ problem solving performance, the problem 
solving performance of the students in both the strategy and control groups were measured before and after the 
experimental process took place. With this in mind, mean and standard deviation of pre- and post-test results of the 
strategy and control groups were calculated according to the results of the WPE. This in turn, was evaluated using 
the PPSR. In order to determine whether there was a significant difference between the averages of the groups, the t-
test was conducted and the results of the analysis are given in Table 1. 
Table 1: Mean, standard deviation and t-test results of the strategy and control groups according to the WPE pre- and post-test.
Measurement Groups n M SD df t-value p-value 
SG 38 13.39 6.49 Pre-test
CG 38 11.84 6.36 
74 1.05 0.29 
SG 38 45.10 10.16 
Post-test
CG 36 29.56 10.44 
72 6.49 0.00* 
      Note: SG: strategy group; CG: control group; *significance difference (p < 0. 05) 
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When Table 1 is examined, in the pre-test measurement of the WPE, it can be seen that the mean of the strategy 
group (M=13.39) is slightly higher than that of the control group (M=11.84). According to the results of the t-test 
done to control the difference between the means, it can be seen that the pre-test t-value is smaller than the post-test 
t-value. For this reason, the difference in the means of the groups is statistically irrelevant (df=74, t(1.05)=1.99). 
These results indicate that the physics problem solving performances of the students in both groups before they 
started in the experimental study was very similar. When Table 1 is studied, in the pre-test measurement of the 
WPE, the mean of the strategy group (M=45.10) was higher than that of the control group (M=29.56). According to 
the results of the analysis, because the post-test t-value is higher than the pre-test t-value, there is an important 
difference between the mean of the groups (df=72, t(6.49)=1.99, p<0.05). Therefore, the results can be seen to be in 
favour of the strategy group. 
3.2. In order to observe the effects of strategy teaching on students’ use of problem solving strategies, the mean 
and standard deviation of the pre-test measurement scores of the scale for problem solving strategies in physics were 
calculated. In order to determine whether there was a significant difference between the means of the groups, the t-
test was conducted and the results of the analysis are given in Table 2. 
Table 2: Mean, standard deviation and t-test results of the strategy and control groups according to the pre- and posttest of the PPSSS.
Measurements Groups n M SD df t-value p-value 
SG 39 179.38 22.22 
Pre-test
CG 38 178.50 18.68 
75 0.19 0.85 
SG 39 193.59 18.28 Post-test
CG 38 181.71 19.35 
75 2.77 0.01* 
Note: SG: strategy group; CG: control group; *significance difference (p < 0.05) 
When Table 2 is examined, according to the pre-test scores of PPSSS, it can be seen that the mean of the strategy 
group (M=179.38) is slightly higher than that of the control group (M=178.50). In order to determine whether the 
difference between the means of the groups was significant, t-test analysis was conducted. When the results of the 
analysis are studied, the pre-test t-value can be seen to be smaller than the post-test t-value. For this reason, the 
difference in the means of the groups is statistically irrelevant (df=75, t(0.19)=1.99). When PPSSS post-test is 
studied, the mean of the strategy group (M=193.59) is higher than that of the control group (M=181.71). According 
to the results of the analysis, because the post-test t-value is higher than the pre-test t-value, the results can be seen 
to be in favour of the strategy group (df=75, t(2.77)=1.99, p<0.05). 
4. Comments - Discussion 
First of all, in light of the findings of the research, it has been determined that the teaching of the problem solving 
strategies has had positive effects on the problem solving performance of the students.  
This result shows consistency with the results of a number of researches that have examined the effects of 
problem solving strategies on problem solving performance. For instance, in physics, Larkin and Reif (1979) and 
Wright and Williams (1986) showed in their research that the teaching of problem solving strategies has a positive 
effect on problem solving performance. In conjunction with this, for example Sutherland in Chemistry (2002); 
Schurter (2002) in mathematics, all reached similar conclusions in their research. The result of this research shows 
that the teaching of problem solving increased the awareness of students’ knowledge and ability during the problem 
solving process. It can be said that the application of teaching problem solving is more effective in helping students 
improve their problem solving performance than traditional problem solving activities. 
Secondly, strategy teaching improved students’ use of strategies. From this point of view, it can be inferred that 
the strategy teaching program has an effect on the use of strategies. This result shows consistency with the results of 
research that has investigated the effects of teaching problem solving strategies on the use of strategies. For 
example, in our country Gök in physics (2006), and abroad Chung and Tam (2005) with their studies in mathematics 
with mentally challenged students at primary school level; Case, Harris and Graham (1992) with their studies in 
mathematics with children learning difficulties; Lang, Mastropieri, Scruggs and Porter (2004) in algebra class; 
discovered in their research that the teaching of problem solving strategies improves students’ use of strategy.
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At the end of each problem solving session, when problem solving worksheets collected from the students were 
examined, it was found that all the students in class participated in these activities and there was an improvement in 
the use of problem solving strategies as the research progressed. In the beginning of the research, it was seen that 
students in the strategy lacked in the knowledge of problem solving strategies but improved their knowledge 
throughout the research. 
5. Suggestions 
The following suggestions are proposed: 1. Students should be trained on the use of new strategies. In different 
levels, research should be done into the effects of the teaching of different problem solving strategies in physics 
classes and on the affective domain (e.g. motivation). 2. Research should be conducted in different fields where the 
relationship between the use of problem solving strategies and different variables (age, sex, success level, 
socioeconomic and socio-cultural level etc.) are examined. 3. Especially in the field of physics at different teaching 
levels, interviews should be conducted in depth with students, candidate teachers and even with teachers on their 
awareness and ability to use problem solving strategies. It is believed that in order to increase the use of strategies 
by professionals, different teaching techniques should be observed.
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